Atypical responses to sensory stimuli are considered as a core aspect and early life marker of autism spectrum disorders (ASD). Although recent findings performed in mouse ASD genetic models report sensory deficits, these were explored exclusively during juvenile or adult period. Whether sensory dysfunctions might be present at the early life stage is unknown. Here we investigated cool thermosensibility during the first week of mouse life. In response to cool temperature exposure control neonates undertake innate behaviors by eliciting low-latency ultrasonic vocalization. However, we found that neonatal mice lacking the autism-associated gene Magel2 fail to react to cool stimuli while long-term thermoregulatory function, namely nonshivering thermogenesis, is active. Investigation of the sensory pathway revealed abnormal cool-induced response in the medial preoptic area.
INTRODUCTION
Autism spectrum disorder (ASD) is a developmental disorder characterized by deficits of social interaction and communication, as well as by repetitive interests and activities.
However, atypical sensory behaviors are a core aspect of ASD affecting 90% of children (Robertson and Baron-Cohen, 2017) . Importantly, sensory symptoms have been documented as early as 6 months in ASD infants, preceding considerably the common core features (Baranek et al., 2013; Estes et al., 2015) . Much of research in animal models of syndromic and non-syndromic forms of ASDs has focused on the social and cognitive difficulties and their underlying mechanisms (Robertson and Baron-Cohen, 2017) . Recent increasing evidences suggest that sensory traits such as tactile, visual, auditory, olfactory, gustatory and heat abnormalities (Chelini et al., 2019; Cheng et al., 2017; Drapeau et al., 2018; Huang et al., 2019; Orefice et al., 2016; Siemann et al., 2017) are present in ASD models, yet the existence of sensory dysfunctions during early life period have been unexplored.
During the first week of life, sensory integrity is vital since neonates have to undertake innate behaviors such as nipple-searching and calls in response to sensory stimuli. Among the different stimuli, sensing any reduction of the ambient temperature is particularly relevant for neonatal pups. Indeed, unlike their homeothermic adult counterparts, neonates are poikilothermic (Wixson and Smiler, 1997) and should be keep in close contact with the mother in order to keep their body temperature. In the absence of their warmth-giving mother and being exposed to cool temperatures, neonates generate ultrasonic vocalizations (USV), thereby inducing pup-retrieval and maternal-care behaviors in dams. In fact, during the preweaning period, exposure to low ambient temperatures is considered as a major stimulus for eliciting USV (Blumberg et al., 1992; Oswalt and Meier, 1975b; Szentgyörgyi et al., 2008) .
This responsiveness is independent of mother separation and declines towards adulthood, which is presumably correlated with the increasing capability of rodents to develop other thermoregulatory behaviors such as seeking comfortable temperature (Allin and Banks, 1971; Blumberg et al., 1992; Oswalt and Meier, 1975a; Szentgyörgyi et al., 2008) .
Here we thus investigate for the first time the existence of deficit in thermal sensitivity in neonate mice lacking the Magel2 gene. MAGEL2 is an imprinted gene that is paternally expressed and which paternal deletion or mutation is respectively involved in Prader-Willi (Boccaccio et al., 1999) and Schaaf-Yang syndromes (Schaaf et al., 2013) (PWS OMIM #176270 and SHFYNG-OMIM #615547, respectively), two neurodevelopmental diseases characterized with high incidence of ASD features (25% and 78% respectively for PWS and SYS). Both syndromes share overlap phenotype including feeding difficulties and hypotonia in infancy then alterations in social behavior and deficits in cognition over lifespan. It has been previously shown that Magel2-null mouse model mimics early feeding and adult social interaction deficits (Fountain et al., 2017; Meziane et al., 2015; Schaller et al., 2010) .
Moreover, Magel2 neonates display deficiencies of hypothalamic oxytocin (OT) neuropeptide and OT treatment can restore these deficits (Meziane et al., 2015; Schaller et al., 2010) .
Importantly, OT has been found to be a modulator of adult sensory functions (Grinevich and Stoop, 2018) . Both adult and young mice lacking a functional OT system have thermogenesis difficulties ((Harshaw et al., 2018; Kasahara et al., 2013; Kasahara et al., 2007; Kasahara et al., 2015; Xi et al., 2017) which affect in response to cold challenge huddling and thermotaxis behavior in the litter (Harshaw et al., 2018) The neuronal pathways underlying cool response behavior is still under intensive investigation. At the peripherical level, thermosensory neurons have been described in the skin and also in the Grueneberg ganglion -a cluster of sensory neurons localized at the tip of the nose (Bumbalo et al., 2017; Chao et al., 2015; Mamasuew et al., 2008; Mamasuew et al., 2011) . Interestingly, the Grueneberg ganglion is functional very early in life since these thermosensory neurons are already wired at birth to necklace olfactory glomeruli (Matsuo et al., 2012) and induces USV in response to cool stimuli (Chao et al., 2015) . Deletion of the Grueneberg ganglion thermoreceptors reduces coolness-evoked USV in 2 days aged pups (Chao et al., 2015) . At the central level, the preoptic aera (POA) plays a major role sensing and integrating peripheral thermosensory informations (Tan et al., 2016) . Moreover, it has been shown in adult mice that activation of the POA modulates USV (Gao et al., 2019) .
These findings prompted us also to investigate these peripheral and central regions. In the present study we have used a mouse SHFYNG and PWS genetic model (Magel2 +/-p ) combined with neonatal behavioral testing, pharmacology, pharmacogenetics, biochemistry and electrophysiology to demonstrate a lack of cool reactivity behavior during the first week of life. Our findings reveal that alteration of the oxytocinergic system is involved in this sensory deficit.
RESULTS

1-Deletion of Magel2 exhibits indifference call behavior to cool stimuli during the first week of life
We first asked whether Magel2 +/-p neonates exhibit deficits in thermal sensitivity. Male and female neonates wild-type (WT) and Magel2 +/-p aged from 0 to 6 days old (P0 to P6) were subjected to thermosensory sensitivity.
To assess thermosensitivity in neonates, we developed an experimental procedure based on coolness-induced USV (Chao et al., 2015) ( Figure 1A) . Littermates were taken from their nests, isolated from the dam, and exposed separately and successively to two different temperatures (25°C and 17°C). This procedure allows us to compare ambient versus cool exposure responses within the same animal. Exposure of pups at birth (P0) elicited a rather low rate of USV compared to the next post-natal days (Figure 1, supplemental 2A) ; therefore, we excluded this age and focused our analyses from P1 to P6. On analyzing the latency to the first call, which reflects the reactivity of the animals to sense cold, we found that WT neonates presented a low-latency in emitting their first call when exposed to ambient versus cool temperatures (P1: 1.56±0.27 ln+1 s vs 0.34±0.08 ln+1 s; n=16, p=0.0003; P2: 1.48±0.26 Furthermore, the responsive rate to cool temperature (i.e. the proportion of neonates responsive to cooling) was markedly decreased in Magel2 +/-p from P1 to P6 compared to the WT (P1: WT 87.5±8.5 %, n=16; Magel2 +/-p 58.82±12.3 %, n=17, p<0.0001; P2: WT: 73.33±11.82 %, n=15; Magel2 +/-p: 37.5±12.5 %, n=16, p<0.0001; P3: WT 73.33±11.82 %, n=15; Magel2 +/-p 20±10.69 %, n=15, p<0.0001; P6: WT 50±15.08 %, n=12; Magel2 +/-p 7.69±7.69 %, n=13, p<0.0001, Fisher's exact test) ( Figure 1D -G-J-M).
In order to exclude any potentiation or dam separation effects in our experimental paradigm we run assays in which USV box temperature was kept to 25°C (Figure 1 Supplemental 1A) .
Using new cohorts of animals, we found that WT performed comparably upon repetitive ambient temperature exposures (Figure 1 Supplemental 1B-C and G-H). Moreover, we run an experimental paradigm inversion in which another cohort of animals was first exposed to 17°C and then to 25°C (Figure 1 Supplemental 1D). WT neonates still presented a lowlatency response when exposed to cool versus ambient temperatures (Figure 1 Supplemental 1E-F and G-H). Thus, latency of the first call of isolated neonates was dependent on external temperature. While no difference in latency of the first call and number of USV calls were observed at ambient temperature, only exposure to 17°C evoked a significant and age-dependent difference between WT and Magel2 +/-p in latency from P2 to P6 (P2: WT 0.96±0.28 s, n=15;
Magel2 +/-p 29.81±11.32 s, n=15; p=0.03 ; P3: WT 5.71±2.26 s, n=15; Magel2 +/-p 67.15±20.92 s, n=15, p=0.005; P6: WT 19.47±5.90 s, n=12; Magel2 +/-p 78.69±18.59 n=12, p=0.007, twoway ANOVA, Bonferroni's post-test) ( Figure 1O ) and in the rate of USV As previously observed, we confirmed that the USVs produced by WT pups in response to a cool challenge changed as the pups matured (Kromkhun et al., 2013) . Responses of WT pups to cool exposure significantly decrease as their fur growth and their ear canals open at 1 week of age. This is something that we observed in our WT pups since at P6, the latency of the first call after cool exposure started to be non-significant from ambient exposure (2.97±0.39 ln+1 s vs 2.56±0.29 ln+1 s, n=12, p=0.3804, Wilcoxon test) ( Figure 1K ) and the percentage of reactive animals was only 50% ( Figure 1N ). At P8, USV responses were clearly produced independently of the exposed temperature (data not shown). Thus, this cool thermosensory call behavior which is an innate reflex presents during a short-term period (i.e. the first week of life) was not observedin Magel2 +/-p . We next decided to focus our experiments at P2, an age when the latency of the first call upon cool exposure starts to be significant between Magel2 +/-p and WT (Figure 1 O) .
2-Cool thermosensory call behavior impairment in Magel2 +/-p neonates is not correlated with either difference in acute stress-induced dam separation nor difference in cool induced-hypothermia.
Next, we asked whether these deficiencies of Magel2 +/-p in cool reactivity could account to abnormalities in corticosterone basal levels. In human, cortisol change has been associated to greater sensitivity in autistic children (Corbett et al., 2008) . Whilst USVs are not related to corticosterone stress response in isolated rat pups (Klint and Andersson, 1994; Lehmann et al., 2002) and the HPA axis is not fully mature at this developmental age, Magel2 is expressed in hypothalamic neurons and in the cortical cells of the adrenal glands. oOne can thus still hypothesize that basal levels of corticosterone might be affected in Magel2 +/-p . Using new cohorts, pups were handled similarly than previously except that after dam separation and just before USV recording, they were sacrificed and blood samples were collected ( Figure 1A ). We found that both male and female Magel2 +/-p neonates exhibit similar corticosterone levels compared to WT (males: WT: 12,974±6,711 ng/ml, n=6; Magel2 +/-p : 24,328±1,971 ng/ml, n=7, p=0.4740; females: WT 19,983±4,425 ng/ml, n=7; Magel2 +/-p : 28,831±10,314 ng/ml, n=6, p=0.6723, two-way ANOVA, Bonferroni's post-test) ( Figure 1P ).
Thus, dam separation and handling of Magel2 +/-p did not affect corticosterone levels differently from WT and cannot be the cause of deficiency in cool thermosensory call behavior.
Next, using an infrared thermometer we followed skin body temperature during this acute cool exposure. After removal from the nest for 5 min, the temperatures dropped similarly for WT and Magel2 +/-p . Upon short-term cool exposure (17°C; 5 min), although substantial drop of temperature was observed, the decrease was similar between both genotypes (Figure 1, supplemental 2F). Thus, this last result shows that temperatures of WT and Magel2 +/-p neonates are similar and evolve similarly upon acute cool exposure.
2-Cool thermosensory call behavior impairment in Magel2 +/-p neonates is not caused by deficiency in non-shivering thermogenesis
Following cool exposure experienced in the transition from the uterine to extrauterine environments and also during the first week of life, newborns require an effective thermoregulatory adaptative response to produce heat (Symonds et al., 2015) . During this first week, the primary source of heat is produced by the sympathetically mediated metabolism of brown adipose tissue (BAT); also, so called non-shivering thermogenesis (Oelkrug et al., 2015) . Activation of this cold-defensive response is dependent on a thermal afferent neuronal signaling, which involved at the periphery thermoreceptors, namely 8 TRPM8, located in the skin and a spino-parabrachial tractus projecting to the preoptic area of the hypothalamus (Yahiro et al., 2017) .
Magel2 being expressed in dorsal root ganglia (Kozlov et al., 2007; Matarazzo and Muscatelli, 2013) , we first analyzed whether peripheral expression of TRPM8 could be affected in Magel2 +/-p compared to WT neonates. We found no significant difference of the TRPM8 transcript (Figure 2 supplemental 1) .
In order to investigate whether the cool thermosensory call behavior impairment found in Magel2 +/-p neonates could be related to dysfunction of non-shivering thermogenesis, we analyzed the BAT tissue since it's the final target of this thermoregulatory pathway. We first found that P2 Magel2 +/-p had significant decreased interscapular mass BAT compared to aged-matched WT (Figure 2A ). However, this difference of mass BAT was inverted at P6 ( Figure 2A) ; the mass BAT declining in WT but not in mutant ones (P2: WT 8.52±0.47 mg/g, n=42; Magel2 +/-p : 5.25±0.26 mg/g, n=40, p<0.0001; P6: WT: 4.66±0.17 mg/g, n=42; Magel2 +/p : 6.18±0.27 mg/g, n=40, p=0.0045, two-way ANOVA, Bonferroni's post-test).
We found that Magel2 is expressed in BAT although at a lower level than in the hypothalamus (WT BAT: 1.03x10 -3 (4.20x10 -4 ; 1.53x10 -3 ), n=12; WT hypothalamus: 3.79x10 -2 (3.14x10 -2 ; 4.53x10 -2 ), n=24) ( Figure 2B ). Interestingly, Necdin, a member from the same family of Magel2 and also affected in SPW, has been found to be expressed in the BAT and functions as an antiproliferative factor of adipocyte progenitor cells and inhibitor of brown adipocyte differentiation (Cypess et al., 2011; Fujiwara et al., 2012) . By analyzing Necdin expression in the Magel2 mutant mice, we observed at P2 a significant increase both at the RNA (WT: 2.16x10 -2 (1.66 x10 -2 ; 2.95 x10 -2 ), n=12; Magel2 +/-p : 3.68x10 -2 (1.78x10 -2 ; 4.34 x10 -2 ), n=10, p=0.0358, Mann Whitney test) ( Figure 2C ) and protein levels (WT: 0.29 (1.24 x10 -2 , 0.53), n=6; Magel2 +/-p : 0.61 (0.48, 0.75), n=4, p=0.0190, Mann Whitney test) ( Figure 2D -E).
However, this Necdin over-expression was still observed at P6 (WT: 0.64 (0.56; 0.78), n=14;
Magel2 +/-p : 1.22 (0.77, 1.34), n=14, p=0.0006, Mann Whitney test) ( Figure 2F and G), an age when BAT mass of Magel2 +/-p is increased compared to age-matched WT. Thus Necdin overexpression cannot be correlated to the loss of BAT mass; and these results are consistent with a previous study showing that Necdin deficiency alters proliferation of adipocyte progenitor without affecting BAT mass (Fujiwara et al., 2012) .
We next investigated BAT function through the analyses of BAT lipolysis and the mitochondrial expression of the uncoupling protein 1 (UCP1) since fatty acids (FA) activate and fuel UCP1-mediated non-shivering thermogenesis in BAT (Townsend and Tseng, 2012) .
In order to observe BAT activation, we extracted one hour after cool exposure (17°C) interscapular BAT tissues, a major source of thermogenesis.
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Quantitative analyses of BAT lipids, separated by thin layer chromatography ( Figure 3A 
show that although cold exposure induced a significant decrease of triglycerides in both WT and Magel2 +/-p pups (WT: 1.53.10 8 (1.27.10 8 ; 1.60.10 8 ), n=8, vs 7.93.10 7 (6.27.10 7 ; 1.31.10 8 ), n=7; Magel2 +/-p : 1.72.10 8 (1.50.10 8 ; 1.98.10 8 ) vs 9.51.10 7 (8.22.10 7 ; 1.36.10 8 ), n=7, Kruskal-Wallis test Dunn's post-test) ( Figure 3E ), levels of diglycerides and FA remained surprisingly unchanged for both genotypes ( Figure 3E -G). Our observation that BAT FA are not consumed upon cold exposure are consistent with recent findings controverting the current view that BAT-derived FA are essential for thermogenesis during acute cold (Schreiber et al., 2017) .
Next, we found that upon acute cool exposure (17°C, 1 h), UCP1 protein expression significantly increases in WT (0.99 (0.48, 1.41), n=6, vs 2.03 (1.61, 3.25), n=5, p=0.0173, Mann Whitney test) ( Figure 4A and B) as well as Magel2 +/-p (0.86 (0.71, 1.95), n=11, vs 2.49
(1.56, 4), n=11, p=0.0104, Mann Whitney test) ( Figure 4C and D). Similar results were observed at the age of P6 (WT: 0.62 (0.57; 0.89), n=6, vs 3.84 (2.31; 4.64), n=6, p=0.0043;
Magel2 +/-p : 0.38 (0.32; 0.58), n=6, vs 3.12 (2.11; 4.29), n=6, p=0.0022, Mann Whitney test) ( Figure 4E -H). Thus, these results demonstrate that UCP1-mediated nonshivering thermogenesis in BAT is fully active in Magel2 deficient pups. They are also consistent with recent findings showing that UCP1 activation is independent of BAT mass and BAT-derived FA (Schreiber et al., 2017) . Altogether, our results demonstrate that lack of cool thermosensory call behavior found in Magel2 deficient pups is not related to their capacity of regulating temperature.
3-Magel2 +/-p thermosensitive neurons from the Grueneberg ganglion are responding to cool stimulation
The Grueneberg ganglion (a region located at the tip of the nose) contains sensitive neurons responding to cool temperatures (Mamasuew et al., 2008) and it has been proposed to influence USV (Fleischer and Breer, 2010) generated by rodent pups to elicit maternal care on exposure to cool temperatures (Blumberg et al., 1992; Hashimoto et al., 2004; Szentgyörgyi et al., 2008) . Interestingly, mice pups deleted for the thermoreceptor expressed in these sensory neurons present USV calls impairment after cool exposure; a phenotype very similar to what we observe here in Magel2 +/-p (Chao et al., 2015) . We thus ask whether these peripheral sensory neurons might be affected in Magel2 +/-p . We conducted calcium biphoton imaging on tissue slices through the Grueneberg ganglion of P2 neonates which was identified by its specific location, morphology and Fura 2AM loading ( Figure 5A 
4-Thermo-evoked response of medial preoptic area neurons is altered in Magel2 +/p neonates
Within the hypothalamus, the medial preoptic area (mPOA) is the primary site in which a variety of sensory information, including temperature, is integrated to modulate the descending command outputs, including USV (Gao et al., 2019) .The mPOA also contains thermosensitive neurons whose firing rates change upon elevating or reducing local tissue mPOA temperature (Boulant, 1986; Nakayama et al., 1961; Tan et al., 2016) .
We thus ask whether the response of central thermo-sensitive neurons of the mPOA might be affected in Magel2 +/-p . We prepared acute hypothalamic slices from P2 neonates and recorded the multi-unit activity in the mPOA ( Figure 6A ). Decreasing the temperature of the perfusion solution from 35 to 30°C elicited a substantial and reversible increase in the firing rate of mPOA neurons in 5 out of 7 of WT mice ( Figure 6B -D). The firing frequency was (0.95±0.45 Hz at 35°C and 1.62±0.71 Hz, n=5, p=0.0625, Wilcoxon test) after switching to 30°C. In the 2 remaining mice, decreasing the temperature decreased the firing rate of mPAO neurons (from 0.64±0.26 Hz to 0.32±0.04 Hz). In contrast, the same protocol elicited a significant decrease in the firing rate of PAO neurons in 5 out of 8 Magel2 +/-p mice (from 0.84+0.17 Hz to 0.37+0.09 Hz, p=0.04, Figure 6B -D). In the 3 remaining slices, the firing frequency was increased from 0.36+0.17 Hz to 1.08+0.34 Hz. Altogether, these results show that thermo-evoked response of mPAO neurons is altered in Magel2 +/-p mice.
5-Intranasal injection of Oxytocin rescues cool sensitivity call behavior in Magel2+/-p neonates
Oxytocin (OT) is a main neuropeptide involved in mediating the regulation of adaptive interactions between an individual and his environment (Muscatelli et al., 2017) ; in major part by modulating sensory systems (Grinevich and Stoop, 2018) . Furthermore, previous studies demonstrated efficacy of OT to improve suckling, cognitive or social behaviors in genetic models of neurodevelopmental disorders (Harony-Nicolas et al., 2017; Meziane et al., 2015; Peñagarikano et al., 2015; Schaller et al., 2010) . We thus ask whether OT could improve thermosensory call behavior in the Magel2 +/-p neonates during neonatal period (P2). Of the two preferred route to reach CSF, and considering the small size of mice pups, we found more convenient to administrate OT by intranasal (IN) rather than intravenous route (Lee et al., 2018) . New cohorts of neonatal pups were tested for cool thermosensory call behavior with a similar procedure excepted that neonates received the treatment in between ambient 1 1 and cool exposures. This procedure allows us to analyze the effect of an acute OT treatment by comparing ambient versus cool exposure responses within a same animal ( Figure 7A ).
We first verified that handling and IN administration procedures did not affect cool-induced call behavior of Magel2 +/-p neonates by comparing untreated and vehicle-treated groups.
After vehicle treatment (saline solution), Magel2 +/-p were still unable to react to cool exposure since the latency to the first call in cool exposure was similar to ambient exposure (2.83±0.39 ln+1 s vs 2.64±0.43 ln+1 s, n=9, p=0.9102, Wilcoxon test) ( Figure 7B ). Furthermore, comparison of the cooling rate reactivity (37.5±12.5 % n=16 vs 40±16.33 %, n=9, p=0.7714, Fisher's exact test) or the number of USV calls revealed insignificant change between these control groups (105.2±23.7, n=17 vs 41.3±16.48, n=10, p=0.6561, Kruskal-Wallis test Dunn's post-test) ( Figure 7C and J).
We found that IN administration of OT (2 µg) was able to rescue the cool thermosensory call behavior of Magel2 +/-p since the latency of the first call was significantly decreased after cool exposure (2.03± 0.39 ln+1 s; 0.59±0.25 ln+1 s, n=13, p=0.0049, Wilcoxon test) ( Figure 7D ) and the responsive rate to cool temperature (i.e. the proportion of neonates responsive to cooling) was markedly increased in Magel2 +/-p (Magel2 +/-p vehicle: 40±16.33 %, n=9;
Magel2 +/-p OT: 76.92±12.16 %, n=13, p<0,0001, Fisher's exact test) ( Figure 7E ). Indeed, 77%
of Magel2 +/-p reacted to cool stimuli, a percentage similar to the P2 WT ( Figure 1G ).
To better characterize the pathway implicated in the rescue of the cool-induced call behavior, we tested OT agonist. OT and AVP are closely related nonapeptides that share high sequence and structure homology, differing by only two amino acids in position 3 and 8 (Wallis, 2012) Although only one receptor exists for OT in mammals, there are three different receptors for AVP: V1a, V1b, and V2, the V1a receptor being the predominant form in brain.
AVP can also bind and activate the OT receptor (Manning et al., 2012) . Among the different agonist developed for the OT receptor, [Thr 4 ,Gly 7 ]OT also referred to as TGOT, has been widely used as a selective OT agonist (Manning et al., 2012) ; We thus treated Magel2 +/-p neonates (P2) with either AVP or TGOT and performed USV call recording 10 min after administration of the agonist dose. Analyzing the reactivity of the animals to sense cool temperature (the latency to the first call), we found that Magel2 +/-p neonates (P2) presented a significant faster reaction in emitting their first call when exposed to cool versus ambient temperature (Magel2 +/-p TGOT: 1.54±0.31 ln+1 s vs 0.47±0.18 ln+1 s, n=13, p=0.0061; Although we cannot exclude a minor contribution of the AVP receptors, these data suggest that the rescue of cool thermosensory call behavior is mainly due to activation of the OT receptors. 
6-Oxytocin rescues Magel2 +/-p brain Erk signaling impairment after cool stimuli
Because cool exposure or stress alters the Erk pathways in the brain by reducing Erk activation (Lee et al., 2016; Whittington et al., 2013) and OT has been shown to block this alteration (Lee et al., 2016), we first examined whether this signaling pathways might be altered in Magel2 +/-p brain neonates. Erk/P-Erk levels were measured from P2 whole brains of WT and Magel2 +/-p immediately after ambient or cool exposure. Cytoplasmic levels of P-Erk revealed that brain of WT neonates had a significant cool-induced reduction of P-Erk (0.47±0.07 vs 0.16±0.03, n=6, p=0.0022, Mann Whitney test) ( Figure 8A and C); while Magel2 +/-p did not (0.56±0.03, n=7 vs 0.58±0.07, n=5, p=0.7424, Mann Whitney test) ( Figure   8B and D). More importantly, IN administration of OT prevents the cool-induced reduction of P-ErK in the brain of Magel2 +/-p (Magel2 +/-p vehicle: 1.08±0.09; Magel2 +/-p OT: 0.62±0.12, n=6, p=0.0087, Mann Whitney test) ( Figure 8F and H) without affecting the reduction of P-ErK in the brain of WT (WT vehicle: 1.32±0.11, n=5; WT OT: 0.76±0.1, n=4, p=0.0317, Mann Whitney test) ( Figure 8E and G). Thus, these results highlight a deficit in the brain of Magel2 +/-p neonates and reveal that OT's ability to reverse cool thermosensory call behavior may act, at least partly, through Erk pathway. 1 3
7-Neonatal inactivation of oxytocinergic neurons of the hypothalamus leads to impaired cool sensitivity call behavior.
To confirm the pharmacological evidence that OT modulates cool sensitivity call behavior and directly test the hypothesis that OT neurons regulate this innate behavioral, we assessed whether inactivation of oxytocinergic neurons of WT hypothalamus neonates can mimic thermosensory impairment observed in Magel2 +/-p using DREADD (Designer Receptors Exclusively Activated by Designer Drugs) technology (Zhu et al., 2016) . We expressed a modified muscarinic acetylcholine receptor tagged with the fluorescent marker mCherry (hM4Di-mCherry), in OT neurons by means of mice bread crossing ( Figure 9A ). This DREADD receptor can be activated by the ligand clozapine N-oxide (CNO) and its metabolite, clozapine; both drugs crossing the BBB (Jendryka et al., 2019). We restricted hM4Di-mCherry expression to OT neurons by crossing hM4Di-mCherry mice (named here hM4Di) with OT Cre mice in order to drive the expression with the OT promoter ( Figure 9B ).
These mice were called here OT hM4Di.
Vehicle or CNO was injected into P2 neonates by intraperitoneal (IP) administration 2h
before starting thermo-sensory behaviors ( Figure 9C ). We found that vehicle-treated DREADDs-expressing animals, OT hM4Di, presented a significant faster reaction in emitting their first call when exposed to cool versus ambient temperatures (3.39±0.3 ln+1 s vs 0.78±0.32 ln+1 s, n=7, p=0.0313, Wilcoxon test) ( Figure 9D ); while CNO-treated OT hM4Di did not (1.97±0.52 s vs 1.65±0.54 ln+1 s, n=9, p=0.8203, Wilcoxon test) ( Figure 9E ). Furthermore, the animal responsive rate to cool temperature was markedly decreased in CNO-treated OT hM4Di with percentages reaching similar values than Magel2 +/-p neonates (OT hM4Di + CNO: 36.36±15.21 %, n=11; Magel2 +/-p : 37.5±12.5 %, n=16) ( Figure 9F ).
However, CNO treatment did not affect the numbers of USV calls of OT hM4Di neonates either at ambient (25°C) or cool temperature (17°C); the number of USV calls being similar to Magel2 +/-p neonates (Figure 9 G-H).
To test for any possible effects of CNO that were not DREADDs mediated, CNO was administered either to non-DREADDs-expressing (hM4Di mice not crossed with OT cre mice) or WT P2 neonates. We found that the responsive rate to cool temperature was damped after CNO administration in WT and in CNO-treated non-DREADDs expressing (WT: 73.33±11.82 %, n=15; WT CNO: 43.75±12.81 %, n=16, p<0.0001; OT hM4Di vehicle: 85.71±14.29 %, n=7; hM4Di CNO: 50±16.67 ln+1 s, n=10, p=0.0631, Fisher's exact test) 1 4 ( Figure 9F ), while the number of USV calls remained similar either at ambient (25°C) or cool temperature (17°C) ( Figure 9G and H). However, comparisons of the CNO-treated hM4Di with CNO-treated OT hM4Di neonates revealed that the responsive rate to cool temperature of CNO-treated DREADDs-expressing neonates was still significantly lower than CNOtreated non-DREADDs-expressing neonates (OT hM4Di CNO: 36.36±15.21 %, n=11; hM4Di CNO: 50±16.67 %, n=10, p=0.0315, Fisher's exact test) ( Figure 9F ). Thus, beside a side effect of CNO which has been reported in other behavioral tests (Ilg et al., 2018) , our results revealed that in vivo inactivation of OT neurons prevents neonates to respond to cool temperature and confirm that OT system can regulate cool sensitivity call behavior.
DISCUSSION
ASD research has mainly focused on ASD-related genes and their impact on social and cognitive behavior in adult. However, atypical sensory reactivity represents early markers of autism and are predictive of social-communication deficits and repetitive behaviors in childhood. Although recent findings performed in mouse ASD genetic models report sensory deficits (Chelini et al., 2019; Cheng et al., 2017; Drapeau et al., 2018; Huang et al., 2019; Orefice et al., 2016; Siemann et al., 2017) , they were explored during juvenile or adult period.
Whether sensory dysfunctions might be present at the early life stage is something unknown.
Here we provide the first experimental evidence that newborn harboring deletion in Magel2, a gene implicated in PWS and SHFYNG, two syndromes presenting ASD phenotype, exhibit atypical sensory behavior during their first week of life.
With the aim to investigate a relevant sensory function during early life, we explored the thermosensory function. Indeed, sensing any reduction of the ambient temperature is particularly vital, since neonates are poikilothermic. In contrast to adult who can adopt diverse strategies in response to cool stimuli such as thermoregulatory behavior and shivering thermogenesis, newborns need to stay with their warmth-giving mother. In absence of this warming, cool exposure elicits an innate behavior characterized by USV emissions.
Here we found that deletion of Magel2 leads to a hyporeactivity in emitting the first call when neonates are isolated from their dam and exposed to cool temperature. This call reactivity deficit is specific to cool exposure and is not the result of acute dam separation. Moreover, we demonstrate that alteration of the oxytocinergic system is causing this thermo-sensory hyporeactivity.
By exploring possibilities of peripheral and central origins of this deficit, we found BAT activation upon cool challenge, suggesting that the autonomic neural circuit including thermosensory neurons of dorsal root ganglion controlling non-shivering thermogenesis is not affected. Furthermore, investigation of the Grueneberg ganglion, a thermosensory 1 5 system present at the tip of the nose, revealed that this peripheral cool sensor is functionally active. However, we cannot completely exclude a peripheral issue through a dysfunction of the trigeminal ganglion since it contains thermosensory neurons detecting orofacial cold stimuli (Morrison and Nakamura, 2019). The nasal branch of the trigeminal nerve also expresses OT receptors that can be activated after IN administration of OT (Murata et al., 2011; Quintana et al., 2018; Tzabazis et al., 2016) .
Magel2 +/-p neonates might encounter not only difficulties in detecting but also in integrating thermo-sensory stimuli. We provided some evidences for the hypothesis of a central origin.
We found first an electrophysiological alteration of the mPOA independently of sensory input stimulations, second a lack of cool-induced alteration of brain pERK signaling and third we showed that brain inactivation of OT neurons in WT reproduces atypical thermo-sensory reactivity.
In adults, mPOA integrates environmental temperature through peripheral inputs, but also intracranial temperature through local mPOA thermo-sensory neurons acting as thermosensors of brain temperature fluctuations (Siemens and Kamm, 2018) . Moreover this hypothalamic region has been recently found to modulate USV calls in adults (Gao et al., 2019) . Thus the mPOA appears to be a key node in the neonate to conduct cool thermosensory call behavior and lack of Magel2 which is mainly expressed in the hypothalamic region (Kozlov et al., 2007) might alter mPOA functioning.
The fact that OT treatment through IN administration in Magel2 +/-p is able to rescue this atypical thermosensory behavior and that brain inactivation of OT neurons in WT reproduces this behavior demonstrate a new pivotal role of the oxytocinergic system in modulating early life thermosensory function (Muscatelli et al., 2017) . In support to this major role of OT, we have provided previous evidences that the oxytocinergic system is altered in Magel2 +/-p mice and that early OT treatment restores normal sucking activity, social and cognitive behaviors in adult mice (Meziane et al., 2015; Schaller et al., 2010) . 
MATERIAL AND METHODS
Animals
Mice were handled and cared in accordance with the Guide for the Care and Use of Laboratory Animals (N.R.C., 1996) and the European Communities Council Directive of September 22 th , 2010 (2010/63/EU, 74). Experimental protocols were approved by the institutional Ethical Committee Guidelines for animal research with the accreditation no. B13-055-19 from the French Ministry of Agriculture. All efforts were made to minimize the number of animals used. Magel2 deficient mice were generated as previously described (Schaller et al., 2010) . Mice colonies were maintained on the C57BL/6J background except for the B6N.129-Gt(ROSA)26Sor tm1(CAG-CHRM4*,-mCitrine)Ute also known as R26-LSL-hM4Di DREADD which are maintained on a C57BL/6N background, for convenience these mice will be called hM4Di DREADD mice. Due to the parental imprinting of Magel2 (paternally expressed only) only heterozygous mice (+m/-p) with the mutated allele transferred by the male were used for experiments. These mice were obtained by cross between wild type C57BL/6J females and homozygous males (-m/-p). Homozygous males were obtained by the cross of males (-m/+p) and females (-m/+p). The hM4DI DREADD were generated as previously described (Zhu et al., 2016) and obtained from the Jackson Laboratory (stock #026219). The OT-cre mice also known as Oxytocin-IRES-cre mice were generated as previously described (Wu et al., 2012) and obtained from the Jackson Laboratory (stock #24234). In our experiment we used hM4Di DREADD homozygous // heterozygous OT cre mice (referred as OT hm4DI in this article).
And to obtain this genotype, homozygous hM4Di DREADD females were bred to homozygous hM4Di DREADD // heterozygous OT cre males, 50% of the offspring will have the right genotype.
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All mice were genotyped by PCR starting from DNA extracted from tail snips, using the following couple of primers:
To discriminate the mutant allele from the 
Reverse transcription and real time quantitative PCR
Wild-type and mutant newborns were sacrificed at P2 (between 2pm and 4pm). The hypothalamus,brown adipose tissues and dorsal root ganglia were quickly dissected on ice and rapidly frozen in liquid nitrogen, then stored at -80°C. Total RNA was isolated using the The sequences of the primer pair used were:
Animals' treatment
WT and Magel2+/-p neonates were injected 10 min before each experiment; they were gently removed for their mother, placed on a heating pad and given an intranasal injection We injected P2 mice 2 h-2 h30 before the experiment.
Temperature
The body surface temperature was measured using an infrared medical thermometer.
Temperature's values were taken every 30 sec during 5 min at room temperature (25°C) and every 30 sec during 5 min at 17°C.
Lipids analysis
The brown adipose tissue was extracted from the back of 2 days old WT and Magel2-KO mice. Samples was cut with a scalpel, further incubated with 500 µL of Chloroform/Methanol (CHCl 3 :CH3OH, 2:1 V/V ) solution and stirred for 15 min. Organic and aqueous phase were separated by centrifugation at 10,000 rpm and the organic phase was recovered. Remaining tissue in the aqueous phase was extract two more sprayed with a solution of 5% phosphomolybdic acid in ethanol followed by heating at 120°C in an oven for 5-10 min, to visualize the spots.
Each resolved plate was scanned using a Chemidoc TM MP Imaging System (Bio-Rad), and densitometric analyses were performed using the ImageLab TM software version 5.0 (Bio-Rad) to determine relative TAG content per sample.
Corticosterone immunoassay
P2 mice were separated from their mother and placed on a heating pad for 5 min., then sacrificed and blood samples were quickly collected. Blood serum was separated by centrifugation (5,000 rpm, 20 min) and stored at -80°C. Serum corticosterone concentrations
were measured with corticosterone ELISA kit (Enzo Life Sciences, Farmingdale, NY, USA)
according to the manufacturer's instructions.
Protein extraction and Western blotting
Brain and brown adipose tissues from Magel2 +/-p and WT mice were homogenized in RIPA (3 ml/min) at 30°C. The chamber was first filled with warm (30°C) aCSF for 1 min, then perfused with cool (15°C) aCSF for 3 min and then warm with aCSF for 1 min. Images were acquired every 5 sec with an Olympus BX61WI microscope equipped with a multibeam multiphoton pulsed laser scanning system (LaVision BioTecs) as previously described (Crépel et al., 2007) . Images were acquired through a CCD camera, which typically resulted 
USV recording
On the day of testing (P0, P1, P2, P3 and P6), each pup was separated from its littermates and dam after 30 min of habituation to the testing room, placed on a heating pad and each pup were isolated in an box (23 × 28 × 18 cm) located inside an anechoic box (54 × 57 × 41 cm; Couldbourn instruments, PA, USA) for a 5 min test at room temperature (25°C). Then the pup goes back to the dam for 5-10 min and submits a second separation, placed on a heating pad and the USV were recorded during 5 min under cool temperature (17°C to 15 min and then the aCSF was maintained at 30°C. The medium temperature in the recording chamber was measure with a temperature controller TC-324B (Warner Instrument, USA). The rate of medium temperature change in the chamber was 3°C/min.
Statistical analysis
Analysis were performed using two-tailed non parametric statistical tools when the size of the samples was small (GraphPad, Prism 6 software) and the level of significance was set at M  a  t  s  u  o  ,  T  .  ,  R  o  s  s  i  e  r  ,  D  .  A  .  ,  K  a  n  ,  C  .  ,  a  n  d  R  o  d  r  i  g  u  e  z  ,  I  .  (  2  0  1  2  )  .  T  h  e  w  i  r  i  n  g  o  f  G  r  u  e  n  e  b  e  r  g  g  a  n  g  l  i  o  n  a  x  o  n  s   i  s  d  e  p  e  n  d  e  n  t  o  n  n  e  u  r  o  p  i  l  i  n  1  .  D  e  v  e  l  o  p  m  e  n  t   1  3  9   ,  2  7  8  3  -2  7  9  1  .   M  e  z  i  a  n  e  ,  H  .  ,  S  c  h  a  l  l  e  r  ,  F  .  ,  B  a  u  e  r  ,  S  .  ,  V  i  l  l  a  r  d  ,  C  .  ,  M  a  t  a  r  a  z  z  o  ,  V  .  ,  R  i  e  t  ,  F  .  ,  G  u  i  l  l  o  n  ,  G  .  ,  L  a  f  i  t  t  e  ,  D  .  ,   D  e  s  a  r  m  e  n  i  e  n  ,  M  .  G  .  ,  T  a  u  b  e  r  ,  M  . , e t a l .
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